Effective eco-environment rehabilitation is an essential policy issue in arid oasis ecosystem. Since 2007, a policy which focuses on environment restoration and protection was implemented in the Shiyang River Basin of Gansu Province, China. Using Minqin oasis as a case, the effectiveness of policy impacts based on farmers' perception was evaluated. In addition, an ordinal logistic regression model was used to explore the potential factors affecting farmers' perception of policy effectiveness. Data were collected from household heads or spouses and other adults (age>18) separately in a random sample of 425 households. The results showed that positive outcomes were achieved, however, two policy measures-the water restrictions and the ecological migration project-were rated at a low level of satisfaction by the farmers. Moreover, 11 determinants were extracted by the logistic regression method, and indicating that economic factors including the ownership of the arable land and the availability of household income turned out to be the most significant. The results can help to establish ecoenvironmental restoration targets, encourage investments, and lead to the development of more applicable methods for assessing policy effects from the perspective of smallholders in ecologically fragile areas all over the world.
Introduction
In arid inland river basin regions of the world, oasis is the dominant component because over 90% of human and other lives depend on it to survive, it is also an separate ecological system entity with water as its crux, and adequate water supply is the lifeline for the sustainability of the oasis to sustain the lives of local people, livestock and agriculture, as well as environmental health and ecosystem services (Xue et al., 2015) . However, climate change, together with improper water-related human activities such as irrational land use, mismanagement of water resources, competition for water from industry and urbanization, rapid population growth (Khanmtr and Omprakash, 2016; Mouratidis et al., 2010; Ranatunga et al., 2014) , and the variation in national oriented policies in different periods (Huang et al., 2014; Xue et al., 2015) are regarded as the fundamental factors affecting the hydrologic conditions that have caused a severe water scarcity in the oases of the inland river basins.
Consequently, environment degradation caused by water resources crisis in arid oasis ecosystem currently becomes an overall and widespread problem. 290 YANG et al.
In order to restore the seriously damaged oasis ecosystem and curb its continuous damage tendency, a wide variety of national and regional policy measures have been implemented. Whereas, what are these policy measures implementation progress status, have the pre-identified objectives been met, and what effects have occurred? To answer these questions, a systematic and comprehensive evaluation is necessary, because policy-oriented environmental impact assessment has been recognized as an integral part of the early planning studies but also during project operation in order to identify any expected negative impacts and suggest the necessary mitigation actions to reduce these impacts (Manoliadis and Vatalis, 2003) . Meanwhile, the periodic assessment of progress towards established policy goals is crucial to understand whether the applied efforts are effective. Moreover, timely policy evaluation can also help to assess whether current efforts are sufficient to reach the established objectives on time, and whether present practices are in fact aligned with the regulatory objectives agreed by both decision-makers and legislators (De Stefano et al., 2010) .
At present, literature review on environmental policy evaluation reveals that a large volume of published studies strongly highlights the indicators orientation of results, focus on the choice of an adequate set of relevant indicators to describe the output, outcome, effects, efficient, cost-effectiveness, etc., while the actual practice has showed that indicator-oriented policy evaluation is only an "ideal type" (Maas et al., 2012) . In contrast, understanding the degree to which local people find the policies acceptable and determine their attitude related to the project is a vital profile for policy evaluation; otherwise attempts to implement such projects may prove futile, or reduce the projects' effects (Feng et al., 2015) . However, very few papers are concerned about quantitative-based research evaluations from the perspective of public perception. In view of this, our study attempts to assess the effects of environmental policy from farmers' standpoints.
Because of local farmers as the grassroots stakeholders, who are not only the main implementation principal, but also are the direct beneficiaries of the eco-environmental restoration policy and program. Hence, local communities and indigenous people have an in-depth understanding of their environment, whose satisfaction evaluation can directly reflect the effects of the policy implementation.
Therefore, satisfaction surveys from the perspective of farmers' perception can help policymakers to better understand the real needs and opinions of farmers, strengthen farmers' trust in government policy, and improve the applicability and flexibility of policy (Shui et al., 2014) .
Environmental rehabilitation is an important issue in the fragile environment of the arid regions of northwest China (Feng et al., 2015) . Minqin，a representative desert oasis, as a fragile ecological screen in inland region of northwest China, its ecological deterioration has drawn considerable attention from central government and all fields of society because the safety of it not only relates to local, but also to the whole northwest, and even nationwide ecological security. In this regard, in order to retrievably protect the Minqin oasis and to improve the ecological and environmental status of the Shiyang River Basin, an integrated governance policy named "the Key Governance Planning for the Shiyang River Basin" (KGPSRB), approved by the State Council of China, was launched in late 2007 and focuses on establishing a balance between water resources and demands on a basin scale basis. The KGPSRB is a systematic project, it covers a set of government measures that consist of closing some agricultural motorpumped wells and reducing the per capital arable land, returning farmland to forests or grasslands, prohibiting pasturing, preventing and controlling desertification, developing facilities for agriculture, and ecological migration, etc. The scheduled project goals were planned to be achieved in the implementation period, which was divided into two consecutive phases, i.e., 2006-2010 and 2010-2020 . Planning a total investment of RMB 4.749 billion (695.6 million USD), the 1st phase investment was RMB 3.104 billion (454.7 million USD).
During implementation of this particular ecological rehabilitation project in an inland river basin, the success of the project will be problematic if project managers make no effective effort to understand local farmers' attitudes, views, and the degree of support for the project (Feng et al., 2015) . An evaluation of farmers' satisfaction degree of Figure 1 ). It functions as an important natural ecological barrier that resists desert encroachment (Danfeng et al., 2008; Ren et al., 2014) . About 90% of this area is occupied by dune fields and desertification land; only a limited area (less than 10% of the oasis) is fertile land fed by the Shiyang River, which is the only source of surface water that has been used for irrigation in combination with the Hongya Mountain Reservoir built in 1958 (Feng et al., 2010) . It had a population of 274,330 in 2013.
Minqin's climate belongs to temperate-desert type characterized by low precipitation, high potential evaporation, intense sunshine, and strong wind. The mean annual precipitation is 116 mm, concentrated in June through September, but the mean annual potential evaporation exceeds 2,453 mm, which is 21 times the mean annual precipitation. The mean annual temperature is 7.7 °C and the mean annual wind speed is 2.4 m s −1 , with a maximum of 23.0 m s −1 (Dong et al., 2010) . 
Materials and methods

Data collection
The data were collected through a structured questionnaire survey in January 2013. A total of 450 formal questionnaires were distributed and 425 valid questionnaires were returned, resulting in a recovery ratio of 94.44%. In the process of detailed sampling, a multistage stratified, random sampling method was utilized to select adults older than18 as the respondents.
Data analysis
Data from the questionnaire were analyzed using the SPSS 19.0 statistical software. The analysis was carried out in three stages: descriptive statistics, correlation analysis, and ordinal logistic regression.
Ordinal logistic model
The ordinal logistic model is a straight forward extension of the logistic model for binary responses, which can be advantageous when the response variable is ordinal (Ananth and Kleinbaum, 1997) . Because dichotomization can be somewhat arbitrary which may violate the underlying assumptions of the model; the arbitrariness is worsened in situations when the ordinal logistic model is fit to a response that has many ordered categories. There are several different regression models for ordinal response variables. In this study, we employed the proportional odds model (POM) to explore the potential influencing factors that affect the farmers' perception of the policy effectiveness. According to Anderson and Philips (1981) the model can be formulated as follows:
where Y* is a theoretically unobservable continuous variable that depends on a vector of explanatory variables
, and p is the number of independent variables in the model;
is a p-vector of unknown regression parameters; and ɛ is a stochastic error.
Because the POM is based on the concept of the cumulative logit model, combining
(1) and (2) can yield a cumulative distribution function
Then we can calculate the accumulated probability of the dependent variable (Y) that will fall into the jth category or lower.
This is equivalent to the multivariate logit form, which is a linear function of the p independent variables
 is an unknown intercept parameter that satisfies the condition ,
it is a combination of intercept parameters for a response variable in the jth category and the thresholds j  .
Above all, the fundamental assumption in the ordinal logistic model with proportional odds is that the relationship between each pair of groups of the dependent variable is the same; therefore, the positive characteristic of the POM is that its intercepts are different for each jth category, but the coefficients are the same, i.e. it summarize the association between the independent variables and the dependent variable using only one set of β T (Fuks and Salazar, 2008) .
Explanatory variables
The dependent variable in this study is the farmers' satisfaction levels with the effectiveness of the KGPSRB, measured mainly using a 5-point Likert-type scale with answers ranging from 1 to 5 that represent "extremely dissatisfied" and "highly satisfied", respectively.
Furthermore, farmers' perception of the policy effectiveness is influenced by a number of factors. Table 1 shows the groups of variables and their associated hypotheses with regard to their influence on the levels of farmers' satisfaction of the KGPSRB based on the literature review and considering the local situation. Learning from many previous studies on famers' perception, attitude or intention (Karali et al., 2014; Kerselaers et al., 2013; Maraqa and Ghoudi, 2015) , the predictors can be divided into several types. Accordingly, the independent variables in this study were divided into four types: demographic factors, economic characteristics, cognition of and attitude toward the policy, and social circumstances.
Results
Farmers' perception of the effects of policy measures
In order to determine farmers' perception of the effectiveness of these policy measures, we established a set of questions using a 5-point Likert-type scale comprised of a total of 6 items (Table 2) to measure each policy measure, and their answers ranged from 1 to 5
representing 'strongly disagree' to 'strongly agree', respectively. Denotes the expected sign of the coefficient for the relationship between DV and IVs, "+" denotes positive, "-" denotes negative, and "?" means indeterminate, b Denotes the reference category. • Closing motor-wells and reducing irrigated farming acreage
The policy of closing the motor-wells and reducing the irrigated farming acreage resulted in a large number of cultivated lands has been abandoned and thereby decreased the household income from agriculture.
• Pasture prohibition and returning farmland to forest or grassland The policy of pasture prohibition and returning farmland to forest or grassland can improve the local ecological environment.
• Preventing and controlling the spreading desert by engineering measures
Desertification control by engineering measures has considerably improved the local eco-environment.
• Migration project Ecological migration can relieve pressure on the environment.
Results of the logistic regression analysis
The final estimated results of the multiple POM that was used to identify the variables affecting the probability of The regression results provided 11 statistical significant determinants (marked using boldface in Table 3) Table 4 .
Discussion
Effects of the KGPSRB in Minqin oasis
In contrast to previous studies, this is one of the first studies conducted in this study area to evaluate the environmental policy effectiveness from farmers' perception by using survey data. In this study, our research ENVIRONMENTAL
findings indicated that there were a few key differences for certain policy measures that were consistent with a previous study reported by Xue et al. (2015) that farmers did not welcome many of these new policies, such as drip irrigation, resettlement and closing of wells, and have even been met with passive resistance.
In our study, two of these policy measures were rated at a low level of satisfaction by the farmers, one is the water restriction and another is the ecological migration project.
As to the former, because water is the life line of the oasis and no water no oasis, the water restriction caused many spillover effects and which is a chain reaction, such as the increase of ecological water use has reduced the water for agricultural production that made part of the farmland abandonment, reduction of cultivated land resulted in the farmers shift to non-agricultural livelihoods which not only increased pressure of farmland utilization but also adversely affected farmers' household livelihoods that their income decrease is the most direct result. Extensive survey data documented the reduced irrigated land made the farmers earned only 71% of their previous household income (Feng et al., 2015) . For the latter, similar to the evidence from Burkina Faso on migration and technical efficiency in cereal production, the migrant households, migration has removed surplus young male labor leads to a gender imbalance in the household (Wouterse, 2010 ) that a cause for inefficiency in agricultural production.
Therefore, the negative impacts of the policies connected to the projects caused dissatisfied attitudes. Five pre-identified independent variables belonging to economic characteristics were significant in the model. If we subdivide these predictors into two types on the basis of the Sustainable Livelihoods Framework Theory (Chambers and Conway, 1992) , one group would represent the natural capital containing the gross arable land and irrigated cropland, and the other would represent the financial capital, consisting of annual income, deposits, and loans.
Association between farmers' perception of policy
For the natural capital, arable land remains the main restrictive factor among natural resources required for agriculture, especially in arid areas . In this study, however, an interesting finding revealed that the amount of arable land and irrigated land had an opposite impact on farmers' perception of policy effectiveness. The reason may be that the implementation of the ecoenvironmental rehabilitation policy has resulted in a reduction in rural household landholdings. According to the KGPSRB, the minimum irrigated land ownership for every farmer in Minqin oasis is 2.5 Mu (0.17 ha) regardless of the total amount of arable land they had ever owned. As a consequence, the vast majority of farmers believed that the reallocation of irrigated land was fair; whilst some farmers, whose ownership of farmland considerably decreased, thought it reduced their income and stated their dissatisfaction of the policy effectiveness.
Regarding the financial capital, the study revealed that farmers with higher income and deposits tended to perceive the policy more effective, which is consistent with the survey results reported by Feng et al. (2015) that the poorer interviewees prefer to believe the policy greatly adversely affected their livelihoods. With respect to the loans, farmers who borrowed money from the bank were able to use it to improve their agricultural facilities and other infrastructure, which resulted in a successful transformation of traditional livelihoods and ultimately increased the standard of living.
Association between farmers' perception of policy effectiveness and predictors for cognition of and attitude toward the policy as well as social circumstances
Farmers' cognition of the policy and their attitude toward the effectiveness of policy measures are crucial for their satisfaction level of policy effects (Liu and Cai, 2014) . Our findings demonstrated that three cognitive factor, i.e., water restrictions for agricultural production, developing greenhouse agriculture and prediction of environmental 296 YANG et al.
change in the future, negatively influenced farmers' satisfaction. This occurred firstly because water restrictions are a rigid requirement for the GKPSRB, which means that water use restrictions are imposed on all users in the area.
Consequently, the livelihood sources of farmers'
households that relied mainly on irrigated farming were the most directly affected. This is similar to the result found by Li et al. (2014) who conducted their study in the same area, indicating that the considerable reduction in arable land and water resources for agricultural production has resulted in a direct reduction in the natural capitals of the traditional livelihood of rural households. Kleftoyann et al. (2011) pointed that farmers scored lower in their environmental perceptivity, nevertheless, they were highly aware that some of their practices have negative impacts on the environment.
Finally, concerning the factors of social circumstance, the study findings indicate that only existed two sources for policy information significantly influenced the farmers' satisfaction level of the policy effectiveness. First, the direction of the influence was surprisingly negative for households with access to policy information derived from the internet. This may be attributed to the internet as a new channel of information dissemination, of which the contents are diverse; the internet not only includes positive information reports but also contains various negative comments or even rumors related to policy implementation, and the latter is a more likely cause for concern. For this reason, farmers often have a low evaluation of policy effectiveness. However, our finding showed that only a few farmers had access to policy information by using the internet. Moreover, as discussed by Tucker and Napier (2002) , while online methods are rapidly gaining more information, traditional and face-toface channels are still important for reaching many farmers. In remote rural areas of China, especially, the village administrators' announcement has always been an important traditional channel for disseminating policy information. This is similar to the findings of Ajayi and Kwesiga (2003) who reported that the most important source of the bylaws was the village headsmen in eastern Zambia, and this was a significant factor that influenced the level of farmers' awareness of the effectiveness of the bylaws. This type of association shown in the current study is also consistent with Yiridoe et al. (2010) who pointed out that the traditional channels (such as interpersonal sources and government agencies, etc.) were used more commonly compared with mass media such as electronic and computer channels.
Conclusions
As a case study, this paper investigates the effects of the policy impacts from farmers' perception. The results show that farmers' perception of policy effectiveness appeared consistent with the evidences of the policy implementation outcomes reported in previous studies and official statistics. However, farmers had a low level of satisfaction with respect to two main policy measures, i.e., the ecological migration, and the closing motor-wells and reducing the irrigated farming acreage. The results of the ordinal logistic regression model showed that 62% of the variance in the probability of the farmers' satisfaction level of policy implementation could be explained by predictor variables at higher levels. We conclude that farmers' perception of policy effectiveness is an outcome of the overall influence of individual characteristics, social, economic, and cognitive factors that act at different levels.
